SUBSTRATE FOR THE EUV MICRO -LITHOGRAPHY AND 
PROCESS OF MANUFACTURING THEREOF 



BACKGROUND OF THE INVENTION 

[0001] The invention relates to a substrate, in par- 
ticular for the EUV micro-lithography, the manufacture of such 
a substrate, as well as to the use of such a substrate for 
mirrors and/or masks, or mask blanks, respectively, in the EUV 
mi cr o - 1 i thogr aphy . 

[0002] In the manufacture of integrated circuits the 
tendency is going towards chips having smaller and smaller 
structures. Therefore, for producing such chips, lithography 
systems are necessary that can operate at exposure wavelengths 
that are becoming smaller and smaller. Currently, wavelengths 
of 248, 193 and 157 nm are used. For the future, for such 
lithography systems the application of electromagnetic radia- 
tion in the so-called extreme UV region (EUV) , in particular 
in the range of 11 to 14 nm, has been proposed. In this range 
it will become necessary to leave the transmissive systems 
common in the prior art and to proceed to reflective systems 
having reflective optical elements and masks. Up to now, for 
such reflective systems only few substrates for masks and also 
for mirrors as well as the related optics that can fulfill the 
extreme requirements of this technique have been described. 

[0003] From US patent 6,159,643 a reflective mask is 
known that consists of a structured layer and a substrate, 
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wherein the substrate consists of a base layer of a material 
having a small coefficient of thermal expansion, such as ULE® 
having a coefficient of expansion of about 0.02 ppm/K, and 
that is combined with a cover layer of silicon, for instance 
by an adhesive. 

[0004] However, with such a substrate the requirements 
with respect to shape precision and surface roughness of the 
substrate cannot be met. For instance, for the masks a shape 
precision of less than 50 nm PV (peak to valley, PV) is re- 
quired. 

[0005] Also optical systems based on Zerodur® sub- 
strates are known in the art. It was found however in this 
regard that, although these can be polished with known polish- 
ing methods to a surface roughness of 0.1 to 0.3 nm, this 
surface roughness will be lost during a commonly following 
treatment step by ion beam figuring ( IBF) . The surface rough- 
ness during this treatment increases by a factor of 2 to 5, if 
no additional precautions are taken. Since however a surface 
roughness of less than 0.2 nm rms is desired for substrates 
for the EUV lithography, the application of such substrates 
for optical systems suitable for production requires tremen- 
dous effort. 

[0006] Therefore, it is a first object of the inven- 
tion to provide a process of manufacturing a substrate that is 
particularly suited for the EUV micro-lithography. 

[0007] It is a second object of the invention to pro- 
vide a process of manufacturing a substrate that is simple and 
cost effective. 



2 



[0008] It is a third object of the invention to pro- 
vide a process of manufacturing a substrate for use in the EUV 
micro- lithography ensuring an extremely high shape precision 
and low surface roughness . 

[0009] It is a further object of the invention to pro- 
vide a component for use in the EUV micro-lithography, such as 
a mask blank, a mask, a structured mask or a mirror. 

SUMMARY OF THE INVENTION 

[0010] This object is achieved by a process of manu- 
facturing a substrate, in particular for the EUV micro- 
lithography, comprising the following steps: 

- providing a base layer having a coefficient of ther- 
mal expansion of no more than 0.1 ppm/K; 

- applying a first cover layer of a semiconductor ma- 
terial, preferably consisting of silicon, onto the 
base layer by a physical or chemical application 
process, such as by sputtering, by CVD or by PVD; 

- finishing the first cover layer. 

[0011] Further, with respect to the substrate this ob- 
ject is fulfilled by a substrate, in particular for the EUV 
micro- lithography, comprising a base layer and at least a 
first cover layer, wherein the base layer consists of a mate- 
rial having a coefficient of thermal expansion of 0.1 ppm/K at 
the most, wherein the first cover layer consists of a semicon- 
ductor material, in particular of silicon, and has been ap- 
plied onto the base layer by a physical or chemical applica- 
tion process, such as by sputtering, by a CVD process or by a 
PVD process. 
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[0012] Such a substrate can advantageously be used for 
producing a mask or an optical element, such as a mirror, for 
the EUV micro- lithography. 

[0013] According to the invention, it has been found 
that the shape precision of the base layer can generally be 
retained, when directly applying the first cover layer of a 
semiconductor material, in particular consisting of silicon, 
by a physical or chemical application process. Simultaneously, 
it is made possible to obtain the desired low surface rough- 
ness of the substrate by means of the cover layer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0014] Preferably, the cover layer consisting of a 
semiconductor material, preferably of silicon, is applied 
directly onto the base layer using ion beam sputtering. 

[0015] In addition, also other physical or chemical 
application processes are possible, such as CVD (Chemical 
Vapor Deposition), in particular PICVD (Plasma Impulse CVD), 
PACVD (Plasma Assisted CVD), PVD (Physical Vapor Deposition) 
or, e.g. an application by a sol-gel process. 

[0016] Glass ceramics such as Zerodur® (SCHOTT Glas) , 
Zerodur-M® (SCHOTT Glas), ClearCeram® (Ohara) and other zero- 
expansion materials such as ULE® are particularly preferred 
for the application as masks and/or mirrors for the EUV li- 
thography due to their extremely low thermal expansion and 
their very good homogeneity. 
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[0017] According to the invention it was found that 
the disadvantage of materials such as glass ceramics or ceram- 
ics, respectively, mentioned above can be avoided by the di- 
rect application of a cover layer having a low thermal expan- 
sion and comprising a semiconductor material, in particular 
silicon, onto a base layer, comprising a material of a very 
low thermal expansion, such as a glass ceramic. In particular, 
even when the base layer has a worse surface roughness, it is 
still possible to obtain the surface roughness for the cover 
layer necessary for the micro-lithography. 

[0018] The substrate according to the invention com- 
prises a structure comprising at least two layers, consisting 
of a base layer and a cover layer directly applied thereon. 

[0019] In this regard, the base layer shall preferably 
be the layer facing away from the later substrate surface, 
e.g. the reflecting surface of a mask or of a mirror for the 
EUV lithography. 

[0020] As mentioned above, the base layer consists of 
a material having a very low coefficient of thermal expansion 
a (or CTE, respectively) of 0.1 ppm/K at the most, preferably 
of no more than 10 ppb/K. Preferably, this shall be a so- 
called "close to zero expansion material" basically showing no 
dimensional change, i.e. a CTE of 10 ppb/K at the most, in a 
temperature range between -40 °C to +400 °C, preferably in a 
temperature range of 0°C to 50°C. 

[0021] Preferably, the base layer of the substrate ac- 
cording to the invention consists of a ceramic, a glass or a 
glass ceramic. In this regard, in particular the commercially 
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available products Zerodur®, Zerodur-M®, ClearCeram® (Ohara) , 
ULE® or other glass ceramics having a low thermal expansion 
are suitable. Ceramics that may be used are those ceramics 
having a coefficient of thermal expansion < 0.1 ppm/K, such as 
ceramics containing cordierite or the like. 

[0022] Glass ceramics" are inorganic non porous materi- 
als comprising a crystalline phase and a glassy phase. 

[0023] According to the invention, Zerodur® and vari- 
ants thereof (e.g. Zerodur-M®) are particularly preferred base 
layers . 

[0024] Zerodur® is for instance described in German 
patent 1,902,432. Zerodur-M® is a Zerodur® composition that 
basically contains no magnesium, such as e.g. described in US 
patent 4,851,372 which is fully incorporated by reference. The 
characteristics and the composition of Zerodur® and Zerodur-M® 
are well-known in the art and are for instance described in 
"Low Thermal Expansion Glass Ceramics", H. Bach (editor), 
SCHOTT Series on Glass and Glass Ceramics, Science, Technol- 
ogy, and Applications, Springer Verlag which is also incorpo- 
rated by reference. 

[0025] The respective glass ceramics consist of 
glasses of the system Li 2 0-Al 2 03-Si02 that have been trans- 
formed by selective crystallization into glass ceramics com- 
prising high quartz mixed crystals. The manufacture of these 
glass ceramics is performed in several steps. After melting 
and hot-forming the material is normally cooled to a tempera- 
ture below the transition temperature. Thereafter, the base 
glass is transformed into a glass ceramic article by selective 
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crystallization. This ceramization is performed by an anneal- 
ing process comprising several steps according to which ini- 
tially nuclei are formed by nucleation at a temperature nor- 
mally between 600 and 800°C, commonly using Ti0 2 or Cr0 2 /Ti0 2 
mixed crystals as nuclei. During a subsequent temperature 
increase, high quartz mixed crystals grow on these nuclei at a 
crystallization temperature of about 750 to 900°C. Herein, the 
volume fraction between the crystalline high quartz mixed 
crystal phase and the glassy phase can be controlled such that 
a coefficient of expansion close to zero results. To this end, 
normally a ratio of about 80 % high quartz mixed crystals and 
of about 20 % residual glass is desired. Since the high quartz 
mixed crystals have a negative linear thermal expansion in the 
desired temperature range, while the glassy phase has a posi- 
tive thermal expansion, a linear coefficient of thermal expan- 
sion close to zero can be obtained in a certain temperature 
range . 

[0026] Those glass ceramics such as Zerodur® or Zero- 
dur-M® are produced by the applicant on a large scale, wherein 
large glass blocks consisting of the base glass are ceramized 
by a selective annealing treatment. Herein, for precision 
applications such as in the present case a particularly ho- 
mogenous temperature distribution is maintained, this being 
the reason why the ceramization process of large blocks of 
several meters diameter may take several months (for particu- 
lars, it is referred to the book "Low Thermal Expansion Glass 
Ceramics", mentioned above). 

[0027] The thickness of the base layer is preferably 
at least 5 mm so that its physical characteristics, in par- 
ticular its thermal expansion, govern the characteristics of 
the total system comprising the base and cover layers. 
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[0028] According to the invention, a base layer pre- 
treated by optical polishing is preferably initially treated 
by an ion beam under a certain ion beam incident angle and 
with a certain ion beam energy using IBF to obtain the desired 
shape. For instance, in the production of masks a flatness 
having a PV deviation of < 50 nm (peak to valley deviation) is 
desired. During IBF treatment the roughness of < 0.3 nm rms 
reached before is deteriorated by a factor of 2 to 3 . 

[0029] Now onto the polished base layer, possibly hav- 
ing been treated by IBF, a cover layer consisting of a semi- 
conductor material, preferably consisting of silicon, is ap- 
plied directly by a chemical or physical process, preferably 
by an ion beam sputtering process. 

[0030] During the IBF process an ion beam is used as a 
tool for removing a desired thickness of material from the 
surface. Since the etching rate of the ion beam is small 
(typically 100 nm/min) , this process is only suitable for 
removing a small thickness of material (a few micrometers at 
the most) . During "Ion Beam Figuring" (IBF) almost single 
atomic layers are removed by ion bombardment . 

[0031] During ion beam sputtering the layer thickness 
can possibly be adjusted locally to improve the shape preci- 
sion of the substrate. 

[0032] Herein according to a first embodiment of the 
process a layer thickness between 500 nm and 2 /xm is selected. 
According to this first embodiment of the process according to 
the invention subsequently a finishing treatment of the sili- 



8 



con cover layer is again performed using IBF to obtain the 
desired shape precision and surface roughness. 

[0033] According to an alternative embodiment of the 
invention a lacquer planarizing process is performed after IBF 
treatment and Si coating using an organic lacquer to this end. 
Herein a further cover layer consisting of an organic lacquer 
having a thickness between 20 nm and 500 nm is applied, e.g. 
by spin coating, and, after an annealing process, the lacquer 
layer is removed by means of ion beam etching (IBF) and is 
planarized. 

[0034] According to the second process variant com- 
prising the lacquer planarizing process the first cover layer 
can be applied with a considerably smaller layer thickness 
when compared to the first process variant. A layer thickness 
of about 20 to 50 nm may for instance be sufficient for the Si 
cover layer, if a subsequent lacquer planarization is per- 
formed. Thereby manufacturing cost is considerably reduced 
when compared to the first process variant. 

[0035] If for instance a mask substrate shall be pro- 
duced according to the first production variant, then ini- 
tially a glass ceramic sample is cut-out from a block, e.g. 
consisting of Zerodur®, is mechanically treated at its sur- 
face, e.g. is ground, and is finally optically polished, until 
a roughness of < 1 nm rms, preferably < 0.2 nm rms, is 
reached. A measurement may for instance be performed using AFM 
on samples of e.g. 10 |im x 10 p or 1 /im x 1 /xm. 

[0036] Thereafter, a coating of silicon is applied by 
ion beam sputtering to a layer thickness between 500 nm and 2 
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ixm. The shape precision of the substrate can be enhanced by 
locally varying the layer thicknesses. 

[0037] Thereafter, the coated substrate is treated by 
IBF to obtain the desired shape precision (PV deviation < 50 
run) . To this end, it may for instance be worked with Ar ions 
using an energy between 500 and 1200 EV at an incident angle 
between 0 an 70°. 

[0038] In this way masks having the desired PV devia- 
tion of < 50 rim and a roughness of < 0.2 run can be obtained. 

[0039] When producing optics (mirrors) according to 
the first process variant, then the pretreated and polished 
base layer is initially treated using IBF to obtain the de- 
sired shape. 

[0040] Subsequently, the Si cover layer is applied by 
ion beam sputtering with a layer thickness of 500 run to 2 /xm 
which is again treated by IBF to obtain the final shape and to 
further reduce the roughness. 

[0041] According to the second process variant the 
following procedure has been found to be particularly suit- 
able : 

[0042] In the beginning glass ceramic samples, e.g. 
consisting of Zerodur®, are cut as described above, are ground 
and polished to the desired surface roughness of a preferably 
< 0 . 2 run rms . 
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[0043] Preferably, subsequently an ion beam figuring 
IBF is performed initially as described above to obtain the 
desired shape and surface roughness (mask: PV deviation < 50 
nm, optical elements (mirrors) < 0.3 nm rms) . 

[0044] Thereafter, only a relatively thin Si layer is 
applied by ion beam sputtering. Herein the layer thickness is 
between about 20 and 200 nm, preferably between about 20 to 50 
nm, an application rate of about 10 to 20 nm/min being suffi- 
cient. As mentioned before, the coating can also be used to 
more fully obtain the substrate flatness. In this case, during 
the previous IBF treatment only a smaller layer thickness of 
about 300 nm could be removed, and during the subsequent coat- 
ing with Si locally between 1 and 100 nm Si could be applied. 

[0045] The sputtered Si layer is subsequently finished 
by IBF to meet the shape precision and roughness. 

[0046] Thereafter, a second cover layer consisting of 
an organic lacquer is applied, e.g. by spin coating, to a 
layer thickness of about 20 nm to 200 nm. The lacquer layer is 
then initially cured by an annealing process. Thereafter, the 
lacquer layer is fully removed by IBF, whereby the very low 
roughness is transferred to the silicon layer. 

[0047] In this way, using Si cover layers of only 
small thickness surface roughnesses being between 0.1 and 0.2 
nm rms are obtained reproducibly . 

[0048] Instead of the finishing treatment of the base 
layer and the cover layers, respectively, by IBF, possibly 
also a magnetorheologic polishing may be utilized. 
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[0049] As already mentioned above, the substrate 
according to the invention is suitable for the production of 
masks for the EUV lithography. For producing such a mask the 
surface of a substrate according to the invention is coated 
with a reflecting surface using EUV radiation, thereafter 
being further processed into a structured mask using known 
processes. The substrates according to the invention are suit- 
able for the manufacture of unstructured masks, so-called 
blanks, as well as for the manufacture of structured masks. 

[0050] The invention relates to mask blanks comprising 
the substrate according to the invention and a reflecting 
surface applied thereon, as well as to structured masks, 
wherein the reflecting surface is structured in a desired way. 

[0051] In case the substrate according to the inven- 
tion is used for the manufacture of optical elements such as 
mirrors for micro- lithography, then a reflective coating is 
applied onto the substrate according to the invention. Such a 
mirror may have a planar surface or a curved surface. To pro- 
duce the mirror with a curved surface, the base layer may be 
provided in the desired final shape. Thereafter the covering 
layer (s) and a reflective coating are applied. 
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